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REMARKS 

Initially, applicants would like to express their gratitude 
for the telephone interview extended by the Examiner, Mr, Jessee 
Randall Roe^ to their undersigned representative on December 16, 
2008. The substance of the interview is summarized in the 
Interview Summary dated December 19, 2008, and in the remarks that 
follow. 

In the Final Action, claim 1 of the present application is 
rejected under 35 U,S*C. 102(b) as being anticipated by Kaneko 
(U*S. Patent No. 5,964,968). The Office identifies the following 
alloy described in Col. 6, lines 48-49, of Kaneko as being within 
the scope of the alloy recited in claim 1: 

Lao xa^Qo ^fiP^To.osNdo.ieMgo.osWis ss^lo i^^Op gMn^ 47^60 02- 
However, the Office identifies the alloy of claim 1 as having the 
formula : 

Lni-xWgxNiy.^Al^M^, 

i.e., in the formula identified by the Office the subscript for Ni 
is y-a. 

During the telephone interview on December 16, 2008, the 
undersigned explained that the identification by the Office of the 
alloy of the present invention as having the formula: 

Li^i-xMgxNiy.aAl^Mi,, where the subscript for Ni is y-a. 
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is not correct. In the formula in claim 1 for the alloy of the 
present invention, the subscript for Ni is y-a-b. 

When the correct formula for the alloy of the present 
invention is considered, the alloy described in Col, 6, lines 48- 
49, of Kaneko identified by the Examiner is not within the scope of 
the formula recited in claim 1 of the present application. 
Specifically, in the alloy of Kaneko identified by the Office y-a-b 
= 3.38. Therefore, y = 3,38 + a + b = 3.38 + 0,19 + 0.5 + 0.47 + 
0.02 (where a = 0.19 and b = 0.5 + 0.47 + 0.02) = 4.56. On the 
other hand, y in the formula in claim 1 is defined as being in the 
range of 2.8 to 3.9 ('"2.8 < y < 3.9"). 

Therefore, the alloy described in Col. 6, lines 48-49, of 
Kaneko is not within the scope of the alloy recited in claim 1 of 
the present application and removal of the 35 U^S.C § 102 
rejection of claim 1 is in order. 

In the Final Action, claims 1-4, 9-16 and 21-24 are also 
rejected under 35 U.S.C. 103 (a) as being unpatentable over Kaneko 
(U.S. Patent No. 5,964,968). This is the same rejection that was 
made in the Action dated September 27, 200?. 

In the response to the Action of September 27, 2007, 
applicants explained that the alloy of the present invention 
represented by the foirmula in claim 1 can also be represented by 

rr.\ai-09\sn}r-048-pto-ce»p>ll< w)^ 
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the formula AB^.., where x' is 2 .8 - 3 . 9, A is Ln^x^gx/ and. B is Niy.^- 
bAl^Mb- Applicants further explained that the although the alloy of 
Kaneko can also be represented by the formula AB,,. , where A is Ri. 
^Ii^, and B is Nii.yMy, is 4.5 - 5.0. This difference is 

sufficient to overcome the rejection. 

However, in the "Response to Arguments" section of the Final 
Action on page 6 the Office states that the claims do not include 
a limitation relating to the structure of the alloy. 

This is not correct. The formula in claim 1 for the alloy 
inherently limits the alloys to those having a crystalline 
structure of the AB:^ or AB3 5 (CeaNi,) type in view of the limitation 
of y as being 2.8 ^ 3.9. As noted above, the alloy of the present 
invention can be represented by the formula AB^^, where x' is 2.8 
« 3.9, A is Lni.5,Mgx, and B is Niy^^.^Al^M^,. Therefore, x' = y-a-b+a+b 
= y. In the formula in claim 1, y is defined as being 2.8 to 3.9, 
i.e. , ^^2.8. £ y < 3 .9" . 

The limitation of y as being in the range of 2-8 to 3.9 
inherently limits the crystalline structure of the alloy recited in 
the claims because when the ratio of B(Ni)/A{La) changes, the 
crystalline structure changes. This may be understood from Fig* 1 
in J, Japan Inst. Metals, Vol. 69, No. 1 (2005), pp. 170-178, 
"Crystal Structure of Hydrogen Storage Alloys, La-Mg-Nix(xs=t3 - 4) 



4 
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System" (copy enclosed together with an English language abstract 
thereof) . As shown in Fig.' 1, three phases, LaNig, La2Ni7 and LaNi^, 
are separated depending on concentration of Ni. See also the 
enclosed Fig. 6,2-6, which illustrates the different crystalline 
structures of ab^., where x' ranges from 2 to 5 . (In the attached 
Fig. 6.2,6/ the crystalline structure alloy of the present 
invention and that of Kaneko are identified) . 

During the telephone interview on December 16, 2008, Mr. Roe 
took the position that even if the alloy of the. present invention 
is not anticipated by Kaneko, it is somehow rendered obvious. His 
position, as stated in the interview Summary, is that: 

«the broad scope of Kaneko ("968) (abstract) would 
include the claimed formula and at least be obvious. The 
Examiner pointed to column 7 starting at line 48 where 
kaneko (^968) teaches a mixed structure of LaNi5 type and 
Ce2Ni7 type and requested further clarification as to how 
the structure of the instant invention would be 
distinct." 

This position is not correct because, first, the broad scope 
of Kaneko ('968) does not include the claimed formula. Formula (1) 
in the abstract is (R^.x^c) (Nii.yMy)^, where 2 is 4,5 to 5,0. As 
described in Col. 4, lines 12-15, of Kaneko: 
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The hydrogen alloy B of the present invention is a rare 
earth metal -nickel hydrogen storage alloy which has the 
composition A represented by the formula (1) above, in 
which crystals have a I-aNij type single phase structure. 
The alloy of Kaneko having an AB^ (LaNis) structure by definition 
cannot include alloys of the present invention which have an AB3 or 
AB3_5 structure. 

If the Office maintains its position that the broad scope of 
Kaneko {^968) can include alloys of the claimed formula, it is 
respectfully requested to provide a detailed explanation of its 
position. 

Second, the description in column 7, lines 54-60, of Kaneko of 
a two phase structure composed of. crystal grains of LaNig type 
structure and crystal grains of Ce2Ni7 structure is not even 
remotely a description (or suggestion) of the specific alloy of the 
present invention having the formula recited in claim 1 and having 
a AB3 or ABa^s (CeaNi,) structure. The alloy of the present 
invention having formula recited in claim 1 contains 'specified 
amounts of Ln, Mg, Ni, Al and M (as defined in the claims) 
elements . 

The object of Kaneko is to obtain a (uniform) single phase of 
AB5 crystalline type alloy. The Office has not explained any 
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teaching, suggestion, motive or other rationale supported by the 
prior art for somehow modifying the disclosure of Kaneko to obtain 
a different alloy of a AB3 or AB3 3 crystalline type. Applicants 
note that where claims are rejected under 35 u.S.C. § 103(a) as 
obvious, the Office has the initial burden of supporting a prima 
facie case of obviousness* it has not satisfied its burden. 

For this reason, removal of the 35 U^S.C § 103(a) ground of 
rejection is also in order. 

The foregoing is believed to be a complete and proper response 
to the Office Action dated August 20, 2008. 

In the event that this paper is not considered to be timely 
filed/ applicants hereby petition for an appropriate extension of 
time. The fee for any such extension may be charged to our Deposit 
Account No. 111833. 

In the event any additional fees are required, please also 
charge our Deposit Account No- 111833. 



Respectfully submitted. 




RegT No. 25,401 
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^mnm^ ^B^^^y^ 

J. J?!pw Jnst. Metals, Vol. 69, No, 1 (2005). pp. 170-17ft 
O 20{B The Japan Institute of Memis 

Crystal Stiucture of Hj^dxogeii Stor^g^ AHvys, La-MB-Ni,Cj5:=S'-'4) S^^sttfxii 
HiroEhi Hayakawa^ Etsuo Akiba^, Midori Gotbo^ and Tatsooki Kohuo^ 

^Hydrogen £7tergy (^nsi^, Ener^ TechiuikJisy ^iasoarclt Instiuctc, J^&ti^l afAdvmasd Industrial Sdanec tatd Teehstolagy^ 

Tmkuba30&^6S 

'^Tafmicat Sarvke Ccttf^n NattenallA&tituia cf Advanced Industrial Sdcnce and Techrj>Io^, Tsashuba 30S-€S66 

^Advanced Functional Materials Laboratory, CorporatQ ItessanA «£ Dmlcpmant Qenter, TashSlfa Corpamsioru Kausasaja J212^382 

NewdloyoofLir-'Mg-Ni CN)7CL6+Mp:)=S--4) system absorb and desorb hydrogen at room tempOTture, aiid the hy^^ 
capacity is higher than convczitioaal ABr^typc alloys. The ciyaU l stiuccures of Lat.7Mga^hz£CQoj (alby Tl) and L.a«.7?M£^ 
NiioCow (alloy T2> were inx^ectig-ated uclng ICP^ SfiKi^lfcDX asid :!CX^. W<e fdond *JiAt the ajloy Tl e^nawted of C<:sfNi,-typ«i 
LasMgCNij Co) ^ and PiiNl3-iyT>fi La?Mg(i4l» Co)fl phasee and that the aDoy T2 co»3i€?te6 of CcaNir-^^rpc LajMgOT» Co) u aai P^g 
Coi9-type LaL4M£:CNI» Cd)^ ph&Tos. These aBpys system has layered structure and shows poUy^icxn that i& origniatcd irom 
d3i£«r«iic« in fiiucldnff of coqiq [CaCu^D-type layers azuS oae [Mg^n^^-typo layer aloa^ e^axio. CTyefia] c tr u e tuict ^ X-OjMi^CMi* 
Cg)>, R bexasrmal aH-Ce^Nir-tyjie, fl«"0^52a) nm. c=2.4245(3> ixm- UjJvfeWi, Co)^ is trisjpiial 3R-Pt>Wiff-t;nJ<; =0^062 
(1) mn, c»2,4500(2) am. l^MeWL Co)u is ZE-FrsCoiA-typc, 0.5<U2{2) nm, 3.2232(5) nm. In iSiese all sbrucctors, La- 
La distance in the [CaCuc!] layer was O^^^D nm but tlise in tbm [M^Zn^ j layvr was 0.32 nnu It qteo fEooBd tha.^ Xfg oecu» 
pi6d the LA dite in the CMgZnsH biyer, Setoctbe occupation o£ Mg at tha La, site ia the CMgZx^J layer makn the alloy atablc in 
repeated action eyele^ with hydrOff^n. This aDoy system has foimed an agent gnn^ is described by the general formtila 
La„xiMeNis„*j where 7i=0„ 1, 2, 3 4- 

(Received Ansust 26, 2004: Aeeegbtftd Ndvcmhcr 30. 20W 

S^wor^n Imthafom-woEnwrn^riU^ kydngsnsiBrag^aUD^, crystal sintduy^ mtktdhydrta&h&UBry, fus^aHveala:- 

tTOde, kc^£lyuaur% LaMnNisk laM^ii^ LofMgNijf 



La-Nl 5S ^; Mgr-Nl :^*i^fC2ft3S5Lm-$-^ t L "C^ S LaNia, La^Nir, L^i^s *0 5 -P<^?^'^S^B!^l^JS^^^t:^*^7^>^ 
3.5) t^JffM'&^-C* S . . Ww^^tL^^Ii^i^^ 



.2008/12/24 11:31 0789931095 





Cuumiii rfltlon (art HI > 



pjj^. 1 Partial phase diagram of the 'Lar-Jsi hmary system (5CK 
100 ac^^). 



PAGE 13123 * RCVD AT 1/21/2009 8:53:33 PM [Eastern SW^^^ 



2008/12/24 11:31 



1 % 



6789931095 



SANVO IP» KOBE 



^''-y' 05/12 



171 



5 C16 Mg^T^ Ofe C Laves 1§ (C36 MSS) O 

Komura &fl Laves ffl*4^'C? t U?i:^38&&®Wft;fi-# 

O^A^aS5^-:>^^X, M^Cwa, M^^.nc. Ufi-NJa "Tft^^^h 

Vv:5G.7). J^^cp^, M£^LavfisletO«j6«jS'(Bte-^«fe 
#JM-€)S^;i^5> Sm-Co, -Ni ?^<0 TEM ftgSW^^^TVs 
Sm-Co, Sm-Ni Laves S ^[CaCuslSffi^eoia 

(R : 5&3lSS^a, T m^^m Fe. Co. NiJi7>J^6^^SWS^ 
(5a + 4) / (n 1- 2) , TT = 0, 1, 2, S , 4 *r »a-C & * [CaCus^S 

ioit^mt Laves S@:(MgC^i2» MeZn^, MffNi^) t IQ^O^l 

C C Ttl,' Ni O— 35^ Co TESlBlg L7t La-Mg-Ni^ 
;5>-OLa-Mg-l^*fcfc«f5-e«rt wO'frA^^5|^S:5t® 

2. ^ :^ ^ 

$0a-ip0O-CX5^aT^-;Vlr?j-^?t. f^RLyii^AM^ 
^^JtT' -l^ X*^ (ICP) » IRIS ZAP S ^r^l^ . 



^-e^afbL.fcCa-KofiS«riSev\ 40kV-40inAt:?i!i.^L 
: 25-15-140", lOs/step, 0-02Vsfep)T-fj'^^. C 
iSftSSS®^^^W)(100fi/fitep, 0-02VBCAp}i^l^X, 

y -tl V i/ a V:^KSfi^tti^^M Burger y ii/ 3 

^, S&-:»fc^Si:S5bnS^gS3«]g(Tl-A,Tl-B. 
*^^agail^feiail^#^SllO -7 V ^^7. RASA-7R 

kiLf^^V&i&mm^^^j b- -:i>teX«m 1-11 ^ra;;BL:^.- 



S.1 



Table X ?Z'g-&OtfcJi«^;aS£i:-g^3a:L.yi^^O ICP 

L7t. &^«S^ lOOs/atepOSfeHSE^T-T.T^'y^^'^'^ 
li- 1^ nm, 0.S19 nm, 0.609 Dm 0^pJ«K:lgVv t:-^ ^«iail 

IftraJfflJ&i 2.44 mft (Tl-A tS) it 2.45 (Tl-B ?g)^t§ J&>^ 
Olt3P l^-i7iarS(l ii^ 0.8113 nm {26 = ICSO") ^ O f:: 
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B & B 4t & :t(&005} 

Table 1 Cbttii<2l compositioa anal7« ^ I^"Mg^W^ alloys. 
Tto fluznbBr ia & parenthesis shows ettD^afd deviation. 



^ 69 ^ 



1) .Tl sample 
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Stvtinigr compcsitioT) 
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52:26 




0.00 


100.00 




ICpaoslysis 


34.6 
(0.4) 


fo.l) 
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ro^) 


10.2 
(0.1) 


0.1 
(0.1) 


9^.3 




ESX. nns^yaU 


34.0 
(0.5) 


1.8 
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lOJ 
(OJ) 
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*} Upper iDir in carapaaiuflft: ta+Mffn 1,00, LOwoT rw 










2) T2 sample 
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Starting GOmpofiitian 




2.90 


55.54 


6.30 


0.00 


lOO.OO 




ICP analysiB 


32,6 
(0.3) 


J.B 
(0.1) 


(0.7) 


9.2 
(0.1) 


0.2 

(0.1) 


99.3 






37..R 
(0-5) 


L4 
(0.2) 


(0.6) 


9.2 
(0.3) 


ro^) 




(LBa»M«i.i3Mi.oi^^<^^ 



*» Upp« tow in e«npwi»tioii: La +M(tnTijOQ, Lowbrow. Nli-Co=3.S0 (m parenthafe) 



BTOO- 


\ §1 % 

\ S3 




T1 sampte 


*^ 5000- 

1 








^ aoDo- 


p 1 - ID t9 30 








A-|32iaK; c=2.44iuii 








tOOD- 


B-pbasQ : c=2A5 nm 

— jkXoJ 






1 1- , 4 , 



—J ] 1 1 f— — I— ^ I I 

30 40 5» 00 70 60 

if (dcgrte.CttKQf) 



Fi^. 2 X"«Ay difiracdcm pr^fiL^ of Tl sample. 



ram 




2& Cdss^.CuKa) 
Fig- 3 Xtay diffeacrioB. profile o« T2 fiaiupk 
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XRD ^ Fig. 2 ^if^«JC'>^V-t^-:i?'i>**2fc^l£L.» iin^ 
100 s/step •TT.T'ri' :/:;^=^^'^' VfllSL/::!^** Fig. 3 fcffi 

& < i 4> c®g]3a*> 2.44 lira (T2--Affi) t 3.23nza(T2-B 
ti)0*Si^S^^ ^^S'&^Tifc^ t3t5£$^>^. 
Ui, Tl.T2^^{*^JCS^WS5Si5'*5^©$tiSffi2l& 

8.2.1 Tl-Aig^fl?ffig 

^KlT^-^tt, ra?fe^'>A^£»T% 0.504 
cm, 242 twn. c/tf =4.80 T'*-? VS: . C titi Fiff. 2 fo* 
Fig-SOXRD K;^*L^c^2..44iimO A^K:^LV^. C 

;&L'T:vsfc. tif^, (oooO"r?/-2»+i ^^cf C>«^2^^)'C' 

^i^^m^t LT^±» P63/minc(No, 194), P65mc{No. 186) 
3l« P62c(No.. 190)*i^;i 'in. Ce^Ni? ffiSEii'^ LagNiy O 
SSfi^ftx-iS?(:^:*rfi*, P6,/2imc,e« 0.5053 iiin.c = 

Tl-AC3ttt T2-A) t lOi^C Klir 5> . 



?BCtt = 0-.5D52{l) mn, f= 2.4245 (3) nm O:^::^^-^*^^ 
JJDSS V- ^ ffi T^ra»«r Pes/imnc (No- 194) i: 

Mgtt La-La j^^K^a*'- 0.32 nn) iiJaUM-aves «Sf560 



Xdble3 SimxDary of ccyetaHograpiuc daia of X-a-Mg^C^ 
CoV system aUo^. 



Molecular 
Crystal sysMIT) 

Votame V/ntn* 
Z 

DeziBit7XV/M£Ri~' 



n-A.T2-A 




T2SB 




La»M?<Nl Co)« 


L««MB(Ni. Co): 








1265.29 






Hcssajsofial 


Trigons) 










0^052 tl) 


0.5082(1) 


2.4245 C3) . 


2.4500(2) 






0.5436(2) 






a 


Z 


7J8 


7^1 


7.85 



Tl-A 



Tl-B 



TaWft2 EDXaialysesof LaH^tit^iK^oaUoy crystS^ 
The ii)an3.b<i- in & partuft>ea£A ahovrs standard deviation. 



Mr 



NT) 



Co 



Al 



34.6 
(G.3) 



1^ 

(0.1) 



53.5 
<0.3) 



10^ 
(0.2) 



(0.3) 



1.3 
<0-X) 



S3.4 
(0.3) 



(0.2) 



(O.i) 



3Z.1 
(0-3) 



1.4 
(0.1) 



56.9 
(0,3) 



B.3 

(0.2) 



0.3 
(OJ) 



CbmpOBitiaD 



The upper row in composition: L£^Mg=1.0D 

Lower Tww paar^tkub}! JJJ-uC©"-3.Sm-A), J^-4.Co-3.0JTl-a)„ Ni4.Co-a.Arrt-A^ 
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raSp Pea/nimc Lavea SO La i: Mg O-y- 

Table ;J Ti-Ateft<Q5l>X^J<fr<0SS5i^5;UA.jv^, C4i 

T«:V^^^^^rtl^l:^E«r S J 

3£Sia — O.S05 uiM, c=2.45imif c/fl = 4-S5 X^^f^ 
ttTl-A i:IP«J^:iSV^ftTS«T»5. Ut^^L, WO/)® 

I n . -i+*+/=3n :^S*d*)>iSJi> 5>n/i- (0 0 0 /)T t /= 

n ^ffi^g^ti R32 (No. 155) i^m(No. 160) . XJi R3m 
{No. Xe6)t7^Si:»!fe$nte^ JBSKl'grfiE^ 

5 IC;^:&»^'S6-C:c0.5062(l) nm, r = a,4500{2) nm t L 

Tl-B Se^fltt PoNb a«S?> LaNiaCRani. a=0.5D8G tmau 
c-2.501iiiii)rcJgftiLXV-7t^^>. /vA£L» f=g C<t^i5fiffi 
^^n-O 4> 5 1 -^O^^J^^fe ^ 2H ®^ CeNia gitJf 

^' RMg7Ni»{R = La, Fc, d, Sm, Gd) 4r '^ffi U » Rietvdd 
Tl-3 ^SffflO^li. ^^aO EDX :a-:^iSS(Tabk 2) 



j^'0.44 ^ 
0-49241 nm. c=2.3875nni)^^^»9fe*T2.55^±&V-As 
^^O±itcl^ir=01B77Tim) t ^h'^tn Mg(r^ 0.1602 

T. ^n75>[i2O]2^P0K: 1/3 •t'O't^rjiii^ & es&:^m»c?s*. 

^"CUnS: Kadir c>i>«l^L'tVN LaMgaNis OSSigii 
Laves 6c 1?-^ Mg "C-^^KltS^^ itat^S 

oaailSJS^^!^'^^^ Sladir (bt^O LaMgjNip i: ^i^Ti: ^ 
6c i^>f h *^ La ^: Mg -C0^ U7fcS?S^^^V«®-C* 
b;6>L. FuNis«St-3i«L.fcS53a?$^e>0{li^?i5C. La 

feli:, Tl -ir&^iP^^ Tl-A IPSA ^ Tl-B 

u 3 v^Ssi^iS. n-A CSSa3f^-c* ^ :^ 1 54^'* 
Ife ^ *ai^|;!jz5i ^ <b t& 0.502 Dm, c== 3.21 

S«^SST'^ts^,ftti?^.^tL;5if^^^i&'-*5. ^*1H LaNis 

cocHssi^mm^iSi^'- ?5ci5, coitift^^^tt^* ti^-a.b 

C OJHe fa^y J^afcAll (0 0 0 O "C l^Zn 1, (/t /t 2/t 0 "C /= 
U-Ct* rGa/Tiiroc(194> , ^63Jnc(la6>:5^^± P62c 

]60x5?ooii)^:^s-j»TrP5St'^«^^' c:^5Kr=r^^?t::;=-^i^^^*- 

^S&tt fl«0-5042(2) nm, c:=3.2232(3} am tl^XW^^t 
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LasNira U-Ni I^bi^cJSSI (Fig. 1) J::^ L^t J; 5 

k: 9001C w± lowx; sT:T5Sf5^fw^-r s]«ea>f§ cife^ t 

& ^TSmVt-'^^ (CcsCoig eras? : R5xn) nffe J? , 

^ ;^ - }: gi-g. 42-1198 O 2H S! CSfT^i^ : Pea/mmc) O 

tfa SO ©l2JE'T*2-pffi^S^c-oT l^RS'firiftOii-^cftS^ 
SI 039 nm U-CCLazNi.lJSPgO La "t^-f h fffllS^ifi* 0.32 



La,MgNi.9 t^m-t' t . T2-B 1^2^14 ® O La t 

Tl Riet^d Sllft^a?: Fig. 4 C^t- *gb^19f 

^IX. 15X W-C^O. PuNi,Sl*B^-txJS4£^*rrfe*» 

-CUNfc. »^ ^Stt PwNia c«0.5D559 ( 4) nm. c = 

2.4455.(2) xjTO, Cc^i, « = 0.50496 (6) nm. ff- 2.4302 

(2) nm, PrsCoi9a<956»c-t),S049(l) ™..c- 3.2251 (4) MB 
^ »3 . miea't:*dfi>/c»^Sft (Table 3) ^ (tfrS-ifc 

iwi*i'j»A^^l^US6-vTv«'fc, Fig. 2 /^ffi:^aJ£::fciaK:7i>LA: 
003 ^ ^ 0.8185 nm) \t CeNis M 002 »C 

105 0§iV^ir-^ 4 2^=34.2* ft5fiK:ffijffl^^?&;^^^ 
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2^ Cdcptfi, C12 Ka) 

CesMi-typt, PrsCchsHype and C15b-tyj»e. Upper, nDdi31is& and lower vcitacaJ short fears represent tu* posicj™ 
dMft^coan for Pis>TV-cyp«i c«sNiT-m»e. PriCnjH-tyot ^ ClSb-typt, rMDccetvftly. 
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aao^Ca<,.B) (Meu2Cac.sB)Ni9 OJiS 104 Offim/^t? - Vkl 

fliMdcco ^^tiNia ffl^gcoisi^ja 1 1 "CJ&g s -fr c t ^ 

^C^. 2^-63.3.67,5, 74.6 ftifit ^i&SJS-C V^Sa 

ti9^i-^(200)J--aLfc- ?&^S5K{1 0.7191(1) mn ^ 
Rp^6.Qd%, i2,-4.86j^. 5=1.638 1:*^ 

Table 4, 5 ^Z^^t. 
T2 iUetveld Fig. 5 k:^. ^ 



0#^SStf± 2H S Lfi4MgNiu i'^ fl« 0-50403 (3) rai. ^= 
.^.2232(2) nm. Ce3Ni7 S La^MgKiu y» fl==n.f;0il22 (n) nm, r 
- 2.4265 (3) nm -Cfe A: . C tl feMtt^eiga t ^^fe* t> ^ 
lettable 3 Ofiit-iSUTV>;&. S^J^^SSS-^-CcOffi^t 



TaUe 4 Rdfiued atomic fractio^si] cooidisiates. isotropic ther* 
roa) displacsments and ocoir^ation numbers of LajMffCNi Cq)u 
obtained from the powder X-^ray Rietveld aisalysts of Tl aDoy. 
CcalTir-type, Space giwup Pfia/anmc a-o,50496(6) nm, 

f =2.4302 (2) Tim 



Atpzn 


Sit* 








r 


BtlOa/nni*) 




4f 










0.2(2) 




41 


1-0 












2a 


O.S6/0.U 


0.0 


0.0 


0.0 


0.5<2) 




4« 




0.0 


0.0 




0^ 


Ni/Cp(3} 


4f 






1/3 




0.5 




6h 




0^08(15) 


2x 


1/4 


0.5 






0^6/0.14 




2f 


0.0852 re) 


0^=1 



m^iC^tW -^CNi/Cd^3)> -.;>CKl/CoO» -5<Mi/Co<il)) -.Cf<NJ/Co<a>> 



Tiiblc 5 Refined atxxmic ij-dutianal wogrdiraces, isotropic Ther- 
mal displacements and occupatioQ immber? of La^MgCNl Co)^ 
obtainod from tha pttwder X-^^y JRiftCVdd aijaJTsis cf Tl alloy 
PuNb"^i^i Si^aw grvuj^ RSuu ti — 0^559t4> nm, 
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Fig. 5 The Rjctvdd analysis dwigram of T2 (I-ao.75Mg(t25N>a^O»flj:) alloy. It has beea refined as four phases mixturt of PrsCoif- 
tyy^, CoTNiT'lype. LaNij iad C^^Cois-type. Upper, middles and lawcx vr^rtleat akorc bftra i^s'c&etu: Eht p o ^io p u of posaibI«i Bragg 
diffraction for PraCois-trpc, OsNi7-type- LaNis and CesCoi^-typc:. respectively 
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CftgCoisffiS La4l^ii9(ft^3fe®: = 0.5070 (1) nm, c = 
4.577(1) j;tfxi)rc!5?filL.r^'» -5 tifirSaiL;^. ^-0^=^SI 

T2 a^e> RSetvOd ffWr-^ ffiSfK L iT: 2H S I^MgNij* 
^^S*r Table 6 . 

ia-La IS^KSSlte Q.3S imi ttiStiTSs 9 iE'^^SSSJ;^ 
f*ll?*;536>. CMgZa2]]ai^}ti--^-C 0.32 QUI ^4S*^^7t. 
[c;aCn531S t CM£Za»3S^^ffitffi U U "C v^ o La-La U^-xfiJE 
1^ 1* ^ ^ 4> TO 0.35 nm T^ofc- nO^^Si^b, 



Table 5 Refined atomic fractioTOl coordiaates, isotropic :iier- 
xxuil dlBpliic:emc^iL» tuiU gCCupalioi) numbesrs of La«M^(Ni, C9) n 
otnmncd from the powdet X~ray Rletveld analysis oi T2 aUoy 
PrBCQty^typ«i Space group PSji/mmc. 0-50403(3) nm. 
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Crystal Structure of Hydrogen Storage Alloys, La-Mg- 
Nix(x=3 ^ 4) System 




Hiroshi Hayakawa% Etsuo A kIbaS Midori Gotho^ and Tatsuoki Kohno^ 

'Hydrogen Energy Group, Energy Technology Research Institute. National Institute of 
A(jvancecJ Industrial Science and Technology, Tsukuba 305-8565 
^Technical Service Center, National Institute of Advanced Industrial Science and 
Technology, Tsukubd 305-8565 

^Advanced Functional Materials Laboratory Corporate Resean:ii & Development Center 
Toshiba Corporation Kawasaki 212-8582 

Abstract: 

New alloys of La-Mg-Ni (Ni/(La+Mg)=3 -4) system absorb and desorb hydrogen at 
room temperature, and the hydrogen capacity is higher than conventional ABg- 
type alloys The crystal structures of LaoyMgoaNij gCo^g (alloy T1) and 
Lao.75Mgo^5Ni3 qCOo^ (alloy T2) were Investigated using ICP, SEM-EDX and XRD 
We found that the alloy T1 consisted of CejNI^-type La3Mg(Ni. Co),^ and PuNia- 
type La2lVlg(Ni. Co}^ phases and that the alloy T2 consisted of Ce^Niytype LaaMg 
(Ni, Co)^4 and PrgCo^g-type La^Mg(Ni, Co)^9 phases. These alloys system has 
layered stnjcture and shows polytypism that is originated from difference in 
$tacl<ing of some [CaCuJ-type layers and one [MgZn2]'type layer along c-axis. 
Crystal structure of La3Mg(Ni, Co),^ is hexagonal 2H-Ce2Ni7-type, a=0.5052(1) nm 
0=2-4245(3) nm La^MgCNI, Co)^ is trigonal SR-PuNij-type, a=0 5062(1) nm, 
0=2.4500(2) nm. La^lVlg(Ni, Co)^^ is 2H-Pr5Co^5-type, a=0 5042(2) nm, c=3,2232 
(5) nm. In these all structure, La-La distance in the [CaCuJ layer was 0.38 ---0.40 
nm but that in the [MgZn^] layer was 0 32 nm. It was also found that Mg occupied 
the La site in the [MgZn2] layer. Selective occupation of Mg at the La site in the 
[MgZn^] layer makes the alloy stable in repeated reaction cycles with hydrogen. 
This alloy system has fomned an agent group Is described by the general formula 
Lan+iMgNig^ where n=0. 1, 2, 3, 4us us. 



(Received 2004/8/26) 
Keywords: 

lanthanum-magnesium-nickeKcobalt system, hydrogen storage alloy, crystal 
structure, nickel hydride battery, negative electrode, layer structure, LajMgNLS' 
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